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Objectives: The purpose of this study was to identify the risk factors of metabolic syndrome (MS) and to analyze
the relationship between the risk factors of MS and medical cost of major diseases related to MS in Korean workers,
according to the scale of the enterprise.
Methods: Data was obtained from annual physical examinations, health insurance qualification and premiums,
and health insurance benefits of 4,094,217 male and female workers who underwent medical examinations
provided by the National Health Insurance Corporation in 2009. Logistic regression analyses were used to the
identify risk factors of MS and multiple regression was used to find factors associated with medical expenditures
due to major diseases related to MS.
Result: The study found that low-income workers were more likely to work in small-scale enterprises. The
prevalence rate of MS in males and females, respectively, was 17.2% and 9.4% in small-scale enterprises, 15.9% and
8.9% in medium-scale enterprises, and 15.9% and 5.5% in large-scale enterprises. The risks of MS increased with
age, lower income status, and smoking in small-scale enterprise workers. The medical costs increased in workers
with old age and past smoking history. There was also a gender difference in the pattern of medical expenditures
related to MS.
Conclusions: Health promotion programs to manage metabolic syndrome should be developed to focus on
workers who smoke, drink, and do little exercise in small scale enterprises.
Keywords: Worker, Metabolic syndrome, Medical cost, Scale of enterpriseIntroduction
The factors associated with cardiovascular diseases, such
as strokes and heart disease, are known to include hyper-
tension and hyperlipidemia, and clustering of such factors
in an individual known as metabolic syndrome (MS) [1,2].
The risk of developing cardiovascular disease, such as
strokes and heart disease, in MS patients was 2–5 times
higher than in those without MS, and the death rate is also
higher [3]; moreover, the rates of having diseases, such as
diabetes, a fatty liver, polycystic ovary syndrome, chronic* Correspondence: leekangs@catholic.ac.kr
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reproduction in any medium, provided the orrenal failure, severe obstructive sleep apnea, and gout are
higher [4,5].
Having MS affects medical costs, and Fitch et al [6] ob-
served that it costs US $295 more per month compared to
not having MS. No data on the costs of abdominal obesity
in particular, which is one of the MS factors, are available;
however, the overall medical costs for overweight people
with hypertension, diabetes, heart disease, stroke, and
hyperlipidemia was US $10,000-15,000 more than for nor-
mal weight people [7]. Moreover, as people with diabetes
spend three or more times as much as other individuals
on health care [8], it is clear that MS has a great influence
on US medical expenditures.
In South Korea, health insurance benefits grew 1.6 times
from 16.2 trillion won in 2004 to 26.6 trillion won in 2008,td. This is an open access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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won (1,000 won is approximately 1 US dollar). Cardiac
disorder and cerebrovascular patients having MS factors
such as hypertensive and diabetes grew 1.3 times, from
671 million in 2004 to 890 million in 2008, and the cost of
health insurance grew 1.7 times, from 1.5692 trillion won
to 2.6899 trillion won [9]. Likewise, the necessity for re-
search on patients with MS factors and increases in med-
ical cost has been highly emphasized.
The factors of MS resulted not only in expenditures for
drug coverage and direct medical costs, but also a de-
crease in productivity rate due to worker’s absenteeism,
disability, and presenteeism related to health issues [10].
In South Korea; in 2008, out of a total of 9,734 workers
who reported job-related diseases, 12% of them (1,207
workers) had cardiovascular diseases, and 482 (49%) of
974 deaths due to job-related diseases were cardiovascular
disease deaths [11]. Management of MS, as a factor con-
tributing to occupational cardiovascular disease, has been
suggested to be a very important approach to reduction of
both direct and indirect costs.
As of 2008, out of 3.26 million enterprises in South
Korea, 98.8% of enterprises were small-scale enterprises
with under 50 workers, 11.1% medium-scale enterprises
with 50–300 workers, and 0.1% were large-scale enterprises
with over 300 workers; however, 13.4% of all workers were
employed by large-scale enterprises, 20% by medium-scale
ones, and 60.6% by small-scale enterprises [12]. Given that
small-scale enterprises were the vast majority of companies,
most businesses had very little systematic management of
health systems, given their lack of a direct relation with
business. In addition, among workers, many were physically
vulnerable in older age. From an analysis of worker’s phys-
ical examination data in 2007, 31.5% of workers in
medium-scale and large-scale enterprises had diseases, but
37% of workers in small-scale enterprises did; notably,
workers with hypertension, a MS factor comprised 38.4%
out of 86,208 workers in small-scale enterprises, and 35.3%
out of 48,486 workers were hyperlipidemia patients, which
was higher than the rate in other sizes of enterprises [13].
From the physical examination records, 46.6% of workers
with diseases did not go to clinics [14] therefore, the system
of follow-up on workers’ physical examinations should be
strengthened.
In the United States, most workers had covered their
medical costs by their employers. Schultz and Edington
[15,16] researched the economic losses caused by product-
ivity losses and medical costs for employed people in the
manufacturing industry and financial institutions; accord-
ingly, the United States stated that they had detected indus-
try workers’ risk factors early and implemented a health
promotion program to decrease the factors. However, in
South Korea, little is known about industry workers’ MS
prevalence and the medical costs associated with diseasesrelated to MS, and the health management system is miss-
ing a necessary program for industrial workers.
The aim of this study was to examine the factors influ-
encing the MS prevalence by the scale of enterprise and
medical costs of major MS factors such as heart disease,
hypertension, stroke, and hyperlipidemia according to
workplace characteristics in South Korea.
Materials and methods
Research subject
The study included 5,251,735 workers at workplaces ex-
cluding 390,265 public servants and 71,636 school staffs
members out of 5,713,636 health check-ups performed by
the National Health Insurance Corporation from January to
December in 2009. 4,094,217 workers (2,825,739 male,
1,268,478 female) classified as either white collar or blue
collar workers were selected as final analysis subjects, and
1,157,518 workers who were not classified as either white
collar or blue collar workers were excluded (Figure 1). The
study was performed after approval by the IRB (IRB, Insti-
tutional Research Ethics Committee, confirmation num-
ber:-CUMC10U061).
Research methods
Classification of workplace size
The workplaces were classified into three groups by the
standards of the Occupational Safety and Health Law.
Workplaces with less than 50 workers were classified as
small-scale enterprises, those with more than 50 and less
than 300 workers were considered medium-scale enter-
prises, and those with more than 300 workers were con-
sidered large-scale enterprises.
Lifestyle assessment
For the lifestyle assessment, a health examination question-
naire inquired about smoking, drinking, and exercise [17].
(1) Smoking: Subjects were classified as nonsmokers,
past smokers, and current smokers: A nonsmoker
was a person who was never exposed to smoking, a
past smoker was a person who had smoked more
than 5 packs (100 cigarettes) in a lifetime, and a
current smoker was considered a person who smoked
at the time of the study.
(2) Drinking: Drinking was classified by the number of
drinks, with a nondrinker considered to be one who
drank less than 1 time per a week, and others
classified into those who drank 1–2 times a week,
3–4 times a week, and 5 or more times a week.
(3) Exercise Practice: Exercise practice was classified into
nonactive persons, that is, who performed 30 minutes
of moderate intensity exercise activity two times a
week or less and active persons who exercised three
times a week or more for 30 minutes each time.
Health check-up workers
N=5,713,636
Exclude    N=461,901
• public servants N=390,265
• school staffs N=71,636
Workers in workplace
N=5,251,735
Exclude    N=1,157,518
Workers
N=4,094,217
• White collar workers N=1,333,363
• Blue collar workers N=2,760,854
Figure 1 Study subjects.
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MS was evaluated by the standards of the American
Heart Association/National Heart Lung, and Blood In-
stitute (AHA/NHLBI) [18], and the waist circumference
was based on the Asian-Pacific obesity standards [19].
There were five diagnosis criteria: 1) waist circumfer-
ence: male ≥ 90 cm, female ≥80 cm, 2) low HDL choles-
terol: HDL cholesterol male<40 mg/dL, female<50 mg/
dL, 3) hypertriglyceridemia: triglycerides ≥ 150 mg/dL,
4) hypertension: systolic blood pressure/diastolic blood
pressure ≥130/85 mmHg, and 5) hyperglycemia: fasting
blood sugar ≥100 mg/dL, and subjects with medication
for each MS risk factor were determined.
MS was defined as over three diagnosis criteria out of
the five.Classification of job type as white collar and blue collar
By the regulations on physical examination implemented
by the Occupational Safety and Health Act enforcement
regulations, a white collar worker is defined as a person
who works for general affairs, human resources, sales,
design, etc. in an office, not in a factory or construction
area, and a person who actively works in sales and other
areas is also defined as a white collar worker [20].
According to the National Health Insurance Cooper-
ation, blue collar workers are covered for annual health
examinations, and white collar workers may have an
examination every two years.Income level
Because employee health insurance premiums reflect a
worker’s salary [9], the study used health insurance pre-
miums as a substitute variable for the income level. In
addition, the income level was classified into four quartiles
of performance: first quartile (Q1), the lowest, was 1 ~ 5
quartiles (10 won ~ 29,860 won) of 20 quartiles of health
insurance premium level, second quartile (Q2) was 6 ~ 10
quartiles (29,861 won ~ 49,530 won), third quartile (Q3)
was 11 ~ 15 quartiles (19,531 won ~ 84,580 won), and
fourth quartile (Q4), the highest, was 16 ~ 20 quartiles
(84,581 won ~ 33,010,450 won).
Medical costs
Data was collected from the 2009 medical expenditures
for cardiac disorders (G45, I20-25), stroke (I60-169),
hypertension (I10-13, I15), diabetes (E10-14), and hyper-
lipidemia (E78), all of which are related to MS.
The 2009 medical examination data, 2009 year-end
health insurance qualification and premiums data, and
2009 insurance benefits data was obtained in accordance
with the regulation on private information of the National
Health Insurance Cooperation with individual untraceable
unique numbers for each patient. The medical examination
data included MS and lifestyle factors such as waist cir-
cumference, blood sugar before a meal, HDL-cholesterol,
triglycerides, blood pressure, smoking, drinking, and exer-
cise, and qualification data included the scale of enterprise,
health insurance type, and income level of insurance
Kong et al. Annals of Occupational and Environmental Medicine 2013, 25:23 Page 4 of 10
http://www.aoemj.com//25/1/23premiums. In addition, insurance benefits data included
the medial costs of diseases except non-covered service.
Statistical analyses
By using SPSS 13.0 for Windows Version, a chi-squared
test was conducted to analyze the differences in
sociodemographic characteristics, lifestyle, and MS
prevalence according to the scale of enterprise, and
ANOVA analysis was conducted to analyze the medical
expenditure differences of the major diseases related to
MS by the scale of enterprise. A single logistic regres-
sion analysis and multiple logistic regression were used
to determine the presence of any risk factors for MS,
and a factor that affected medical expenditures for
major diseases related to MS, that is, cardiac disorder,
stroke, diabetes, and hyperlipidemia, were identified.
Model 1 analyzed the effect on medical expenditure of
major diseases according to MS, and Model 2 was a
multiple logistic regression according to the enterprise
scale, white collar and blue collar status, general charac-
teristics, and lifestyle factors as control variables. The
reference groups selected were small-scale enterprise for
enterprise scale, white collar for work type, Q1, which
was the bottom 25%, for income level, nonsmoker for
smoking status, and inactive for exercise performance.
Result
General characteristics by the scale of enterprise
For male workers, the blue collar workers were more
numerous in the large-scale enterprises, at 76.5% of all
large-scale enterprise workers, and the white collar
workers more numerous in the small-scale enterprises,
at 38.8% of all small-scale enterprise workers. For the in-
come level, the fourth quartile, the highest income, was
the most common, representing 76.5% of the workers in
the large-scale enterprises, and the first quartile income,
the lowest income, was the greatest, at 20.7%, in the
small-scale enterprises. With regard to smoking status,
51.8% of workers in medium-scale enterprises were
current smokers, 49.8% in small-scale and 43.9% in
large-scale enterprises. Drinkers who drank five or more
times a week comprised 9.1% of small-scale enterprise
workers, 6.9% in medium-scale businesses, and 5.1% in
large-scale enterprises. Those with an active lifestyle,
who exercised three or more times a week, were most
common, at 35.3%, in the large-scale enterprises. With
regards to MS, 17.2% of the workers in the small-scale
and 15.9% in the medium-scale and large-scale enter-
prises had three or more MS factors. Among the female
workers, blue collar workers were more common in the
large-scale enterprises, at 69.1%, than the other sizes of
enterprises, and white collar workers were a larger pro-
portion of workers in the in small-scale enterprises, at
49.0%. For the income level, the first quartile, the lowestincome, was the highest, at 49.9%, in the small-scale en-
terprises, and the fourth quartile, the highest income,
was the highest, at 76.5%, in the large-scale enterprises,
but was only 3.5% in the small-scale enterprises. Current
and past smokers were high, at 4.4% and 3.5%, in the
large-scale enterprises. Moreover, drinkers who drank
more than five times a week were also the highest in the
large-scale industries, at 1.5%. Those with an active life-
style were 25.4% in small-scale enterprises. Those with
three or more MS factors were 9.4% of workers in small-
scale, 8.9% in medium-scale, and 5.5% in large-scale en-
terprises (Table 1).
Factors of MS
For factors of MS in both males and females, the adjusted
odds ratios were significantly higher in small-scale enter-
prises than large-scale ones, with age, for the lowest in-
come workers compared with the highest income quartile,
for current smokers compared with nonsmokers, and for
drinkers compared with nondrinkers (Table 2).
Medical costs of major diseases by scale of enterprise
Among the male workers, the medical costs for small-scale
enterprise workers either with MS or not were significantly
higher among both white collar and blue collar workers,
those aged over 60 years, those in the bottom two income
quartiles, nonsmokers, past smokers, drinkers, and those
with an active lifestyle. In all of the enterprises, the medical
costs of major diseases for those with MS were 2 to 6 times
higher than for those without MS. Among those with MS,
the expenditures for medical costs for the top income quar-
tile workers and nondrinkers in small-scale enterprises was
up to 1.7 times higher than among the same workers in
large-scale enterprise.
For the female workers, the medical costs for small-
scale enterprise workers with MS were significantly
higher among the blue collar workers, those aged under
29, aged between 50 and 59, and aged over 60 years,
those in the Q2-Q4 income quartiles, current smokers,
nondrinkers, and drinkers who drank 3–4 times a week
and 5 or more times a week. In all types of enterprises,
the medical costs of major diseases in those with MS
were 2 to 16 times higher than in those without MS. In
those with MS, the expenditures for the medical costs
for those in the top income quartile in small-scale enter-
prises was 2.7 times higher than for the equivalent group
in large-scale enterprises (Table 3).
Factors influencing major diseases’ medical costs
For the male workers, it appeared that the group with
MS expended 161,709 won more than the group without
MS for health care expenses.
In model 2, analyzing the factors influencing major
diseases’ medical costs, those with MS were found to
Table 1 General characteristics and health behaviors of workers by the scale of enterprise %
Variables Male Female
<50 50-299 300≤ <50 50-299 300≤
n = 1,002,756 n = 757,923 n = 1,065,060 n = 534,410 n = 309,725 n = 424,343
Job
Blue collar 61.2 73.8 76.5 51.0 66.6 69.1
Age (years)
Mean ± SD 42.5 ± 11.4 40.7 ± 11.1 40.0 ± 9.6 39.7 ± 11.1 39.7 ± 11.6 34.7 ± 10.6
Insurance premiums
Q4 15.5 25.9 68.3 3.5 5.3 22.3
Q3 32.8 38.6 20.0 11.3 22.0 31.9
Q2 31.0 20.0 7.4 35.2 41.9 24.7
Q1 20.7 15.5 4.4* 49.9 30.9 21.1*
Smoking
Non-smoker 27.5 26.6 30.5* 95.6 95.3 92.0*
Ex-smoker 22.7 21.6 25.6 1.9 1.9 3.5
Current 49.8 51.8 43.9 2.5 2.8 4.4
Alcohol consumption
Non-drinker 0.4 1.0 0.8* 0.7 1.6 1.9*
1-2/wk 58.0 59.6 59.5 89.0 87.3 84.4
3-4/wk 32.5 32.6 34.5 9.2 10.0 12.2
≥5/wk 9.1 6.9 5.1 1.1 1.1 1.5
Exercise
≤3/wk 29.0 31.1 35.3 25.4 24.0 22.9
No. of metabolic syndrome factors
0 29.3 31.5 32.9* 46.9 48.7 58.8*
1 30.9 30.9 30.5 29.5 28.8 25.8
2 22.6 21.7 20.6 14.2 13.7 9.9
3 12.2 11.4 11.6 6.5 6.2 4.0
4 4.4 3.9 3.7 2.4 2.3 1.3
5 0.6 0.6 0.5 0.5 0.5 0.3
Metabolic syndrome 17.2 15.9 15.9 9.4 8.9 5.5
* P < 0.001.
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and workers at medium-scale enterprises paid 6,664 won
more and those at large-scale enterprises paid 3,994 won
more than in enterprises having less than 50 workers.
Similarly, the blue collar workers paid 8,653 won less
than the white collar workers, and those in the second
income quartile paid 11,502 won less, those in Q3 paid
19,987 won less, and those in Q4 paid 33,512 won less
than those in Q1, that is, the lowest income quartile. In
the case of smoking, the past smokers paid 17,209 won
more and the current smokers paid 11,883 won less than
the nonsmokers. As the number of drinking increased,
8,436 won of major medial expenditure decreased, and
7,610 won was increased with age. The major medical
costs for a person who exercised 3 or more times a weekwas 11,426 won higher than for a person who exercised
less than 2 times a week.
For the female workers, model 1 showed that the group
with MS expended 208,067 won more, and model 2
showed that 162,257 won more was paid for a person with
MS, 3,277 won more for those at medium-scale enter-
prises, and 7,102 won more for large-scale enterprises was
expended compared with those at small-scale enterprises.
Similarly, 4,048 won more was paid with increasing age.
Blue collar workers paid less than white collar workers,
and those in the Q2 group paid 1,635 won less, Q3 paid
1,856 won less, and Q4 paid 11,423 won less than those in
Q1, the lowest income quartile. For smoking, the past
smokers paid 9,434 won more and the current smokers
paid 15,622 won more than the nonsmokers. As the
Table 2 Metabolic syndrome factors among workers
Variables Categories Metabolic syndrome (ref. no MS)
Male Female
Crude OR† (95% CI‡) Adjusted OR† (95% CI‡) Crude OR† (95% CI‡) Adjusted OR† (95% CI‡)
Size ≥300 1 1 1 1
50-299 1.0(0.99–1.01) 1.01(1.00–1.02) 1.67(1.64–1.71) 1.12(1.10–1.14)
<50 1.1(1.09–1.10) 1.05(1.04–1.06) 1.78(1.75–1.81) 1.20(1.18–1.22)
Job White collar workers 1 1 1 1
Blue collar workers 1.08(1.07–1.09) 0.99(0.98–1.00) 1.52(1.49–1.54) 1.08(1.07–1.10)
Age (years) ≤29 1 1 1 1
30–39 2.19(2.16–2.22) 2.10(2.07–2.13) 2.44(2.37–2.51) 2.44(2.37–2.52)
40–49 3.58(3.53–3.63) 3.30(3.25–3.35) 5.61(5.47–5.76) 5.19(5.05–5.34)
50–59 4.44(4.38–4.50) 4.17(4.11–4.23) 13.28(12.94–13.63) 12.11(11.78–12.45)
≥60 5.09(5.00–5.17) 4.86(4.77–4.94) 27.22(26.40–28.07) 23.88(23.12–24.66)
Insurance premiums Q4 1 1 1 1
Q3 0.77(0.76–0.78) 0.87(0.87–0.88) 0.93(0.90–0.95) 1.04(1.01–1.08)
Q2 0.72(0.71–0.72) 0.84(0.83–0.85) 1.37(1.34–1.41) 1.17(1.13–1.20)
Q1 1.12(1.11–1.13) 1.02(1.01–1.03) 2.62(2.55–2.69) 1.34(1.30–1.37)
Smoking Non-smoker 1 1 1 1
Ex-smoker 1.41(1.40–1.43) 1.20(1.19–1.21) 0.60(0.57–0.63) 1.24(1.17–1.30)
Current 1.23(1.22–1.24) 1.26(1.25–1.27) 0.79(0.76–0.82) 1.49(1.43–1.56)
Alcohol consumption Non-drinker 1 1 1 1
1–2/wk 1.20(1.15–1.25) 1.13(1.09–1.18) 1.23(1.16–1.31) 1.06(1.00–1.13)
3–4/wk 1.55(1.49–1.62) 1.41(1.35–1.47) 0.79(0.74–0.84) 1.04(0.97–1.11)
≥5/wk 1.87(1.79–1.96) 1.49(1.42–1.55) 1.05(0.96–1.14) 1.09(1.00–1.19)
Exercise ≥3/wk 1 1 1 1
≤2/week 1.07(1.07–1.08) 1.01(1.01–1.02) 1.06(1.04–1.07) 1.00(0.99–1.02)
†OR: odds ratio.
‡CI: confidence interval.
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penditures were decreased by 525 won, and a person who
exercised 3 or more times a week had 1,945 won higher
major medical costs than a person who exercised 2 times
a week or less (Table 4).Discussion
This study analyzed the differences in the prevalence of
MS by the scale of enterprise among workers who
underwent medical examinations covered by the Na-
tional Health Insurance Cooperation and determined the
MS factors and the medical costs of major diseases. The
prevalence of MS among the workers was 16.4% in the
males and 8.0% in the females, and the prevalence was
17.2% in the males and 9.4% in the females in the small-
scale enterprises, that is, those with under 50 workers,
15.9% of the males and 5.5% of the females in the
medium-scale enterprises, those with 50–299 workers,
and 15.9% of the males and 5.5% of the females in thelarge-scale enterprises, with more than 300 workers.
This showed that small-scale enterprises had a higher
rate of MS than the others. The prevalence of MS found
in the present study was 25.3% of males over 20 years
old in 1998, 29.0% in 2001, and 24.1% in 2005, which
was lower than the findings of the Korean National
Health and Nutrition Examination Survey (KNHANES)
[21]. It seemed that the rate was lower than the MS
prevalence of KNHANES, which targeted the general
public because of Healthy worker effect. The US
NHANES of 2003–2006 showed that 1/3 of the nation
had MS [22]. 22.6% of financial service workers and 27%
of 6 companies’ white collar workers had MS [23], but
Dalvia et al [24]. estimated that the MS prevalence was
18.7% out of all US workers using NHANES data. For
Europe and Spain, the general MS prevalence was
reported to be 25% [25], but the prevalence in workers
was 10%, specifically 11.6% of males and 4.1% of females
[26]. The MS prevalence of workers in South Korea was
higher than in the US and Spain.




<50 50–299 ≥300 p-value Metabolic
syndrome
<50 50–299 ≥300 p-value
Mean Mean Mean Mean Mean Mean
Job
White collar No 57 42 39 0.001 No 19 17 11 0.001
Yes 241 201 181 0.001 Yes 212 216 163 0.001
Blue collar No 67 58 49 0.001 No 38 39 20 0.001
Yes 251 240 172 0.001 Yes 263 255 206 0.001
Age (years)
≤29 No 2 2 2 0.188 No 1 1 1 0.460
Yes 14 19 15 0.153 Yes 22 14 15 0.044
30–39 No 11 11 12 0.001 No 5 4 4 0.185
Yes 63 66 63 0.063 Yes 56 56 44 0.022
40–49 No 57 58 60 0.001 No 30 33 26 0.000
Yes 204 205 167 0.001 Yes 176 182 157 0.001
50–59 No 140 152 143 0.001 No 90 96 99 0.001
Yes 382 383 336 0.001 Yes 320 307 305 0.023
≥60 No 262 244 247 0.001 No 188 178 179 0.145
Yes 558 507 498 0.001 Yes 449 405 407 0.001
Insurance premiums
Q4 No 87 62 49 0.001 No 38 15 9 0.001
Yes 288 221 165 0.001 Yes 332 180 122 0.001
Q3 No 51 38 25 0.001 No 21 17 6 0.001
Yes 203 173 139 0.001 Yes 248 188 107 0.001
Q2 No 51 34 40 0.001 No 20 24 15 0.001
Yes 216 183 193 0.001 Yes 217 203 163 0.001
Q1 No 84 115 124 0.001 No 36 56 47 0.001
Yes 315 357 382 0.001 Yes 249 295 278 0.001
Smoking
Non-smoker No 73 60 47 0.001 No 29 32 18 0.001
Yes 278 248 176 0.001 Yes 245 248 204 0.002
Ex-smoker No 106 89 72 0.001 No 14 12 6 0.001
Yes 344 309 230 0.001 Yes 194 208 106 0.001
Current No 39 37 31 0.001 No 16 15 5 0.001
Yes 178 185 139 0.001 Yes 189 171 87 0.001
Alcohol consumption
Non-drinker No 63 51 42 0.006 No 43 44 14 0.006
Yes 250 188 144 0.014 Yes 268 209 150 0.014
1–2/wk No 66 55 48 0.001 No 30 33 18 0.001
Yes 264 244 178 0.001 Yes 248 252 206 0.001
3–4/wk No 55 49 42 0.001 No 17 17 8 0.001
Yes 221 207 164 0.001 Yes 185 184 119 0.001
≥5/wk No 72 65 55 0.001 No 24 20 15 0.026
Yes 252 246 201 0.001 Yes 191 167 125 0.013
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Table 3 Medical costs of major diseases† among workers by scale of enterprise unit = 1,000 KRW (Continued)
Exercise
≤2/wk No 56 47 39 0.001 No 27 30 16 0.001
Yes 230 217 160 0.001 Yes 244 245 194 0.001
≥3/wk No 79 68 60 0.001 No 32 35 21 0.001
Yes 287 260 197 0.001 Yes 243 249 205 0.001
†Major diseases medical cost: cardiac disease, stroke, hypertension, diabetes, hyperlipidermia.
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creased age, and past or current smoking status had
higher MS prevalence. In many studies, it was known that
a low income level increased the prevalence of MS disease
significantly [27]. Low socioeconomic status caused psy-
chosocial stress regarding physiological handicaps, and it
increased the risk factors of occurrence such as abdominal
obesity by activating the hypothalamo-pituitary-adrenal
(HPA) axis [28]. Therefore, the high MS prevalence in the
small-scale Korean enterprises was in accordance with the
previous findings that low occupational grade groups had


























†Major diseases considered for medical costs: cardiac disease, stroke, hypertension,For the medical costs of major diseases related to MS in
both male and female workers, there were significant dif-
ferences in all sections of type of workers, income level,
smoking, drinking, and exercise. In the case of having MS
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won in large-scale enterprises. Regardless of the enterprise
size, males with MS spent a minimum of 2.0 times and a
maximum of 6.8 times more and females with MS spent a
minimum of 2.3 and maximum of 16.4 times more than
workers without MS.
Ricci and Chee [29] reported that workers with obesity in
the US spent 11.7 million dollars more annually on in-
creased absenteeism and presenteeism than workers with-
out obesity, and Finkelstein et al [30]. claimed that obese
workers spent 1.61 times more on medical costs than
nonobese workers based on an analysis of the medical ex-
penditures of full-time workers using a 2006 health panel.
In comparing the annual medical costs for manufacturing
workers according to MS status, they were 1.9 times higher
($4,016 vs $2,117) for those with MS, and the pharmaceut-
ical costs were 2.1 times higher ($106 vs $59) [15]. In
addition, according to Schultz and Edington’s analysis of
annual medical costs for 3 years according to the factors of
MS, $437 in decreasing more than 3 factors and $54 in de-
creasing 1–2 factors were decreased; on the other hand,
$258 in increasing 1–2 factors and $1,348 in increasing
more than 3 factors were increased16). It was shown that
people with MS expended 1.6 times or $2000 more annu-
ally, and people with diabetes paid 1.7 times or $3,400 more
than those without diabetes [31]. From an analysis of the
annual medical costs of hypertensive patients with MS in
Germany, Spain, and Italy by Scholzeetal [32], each
country’s cost was 24,427 Euros, 1,900 Euros, and 4,877
Euros, which were over 3 times more than people with
hypertension only. People with MS spent $256 more per
month, an extra $46 for cardiovascular disorders and an
extra $213 for cardiovascular disorders and diabetes; there-
fore, the costs were 1.9 times higher than for people with-
out MS [33].
This study showed that those with an active lifestyle
spent more on medical costs for major diseases than those
who did not exercise. By tracing Korean physical examin-
ation data for 6 years, it was noted that long-term exercise
reduced salary by preventing 22% of having colorectal can-
cer and 12% of having diabetes and hypertension [34];
however, a Taiwanese analysis of ambulatory care spending
in 2010 showed that exercise performers had higher med-
ical expenditures in outpatient clinics than non-exercise
performers [35]. Generally, the duration of exercise was an
important factor for exercise, but this study limited its
consideration of duration because the screening checklist
for exercise was based on the previous week. For the fu-
ture screening checklist, if it were to include exercise dur-
ation, it would examine the actual relationship between
exercise and medical expenditures.
For the medical costs of smoking, for the males, it was
reported that the current smokers paid 6.4% more and
past smokers paid 16.1% [34] more in South Korea andthe current and past smokers paid 16% and 15-32% more
in the US [36]; however, for the annual medical costs of
Japanese workers in 2002, the past smokers spent more
than the nonsmokers, but the medical costs of the current
smokers were lower [37]. In addition, a study in Taiwan
showed that only past smokers spent more on medical
costs [35]. For drinking, the medical costs of major diseases
decreased as the number of drinks per week increased. In
general, excessive drinking is known to increase medical
costs, so it was unclear why this relationship between
drinking and medical costs appeared in the US and Japan;
moreover, they indicated that drinker expended lower med-
ical cost [36,37]. There was a possibility that people with
factors of MS did more exercise and less drinking to treat
and prevent the progression of their disease, and it can be
assumed that the duration of examination of the change in
medical costs was too short for the workers in their 30s and
40s who comprised a large proportion of the study subjects.
In addition, 64.2% of the study subjects with MS never
underwent treatment in 2009, so this showed that more
workers did not receive treatment than 54.4% [16] from the
previous non-Korean study. Therefore, workers and em-
ployers should be made more aware of MS management.
Among the limitations of this study, it was difficult to ac-
curately determine the duration and quantity of exercise,
drinking, and smoking from the lifestyle factor screening
checklist for the physical examination, and the medical ex-
penditures could have been calculated as lower by using
health insurance medical cost data, which included health
insurance medical costs, but not self-payment. In addition,
there was a limitation in the proper analyses of indirect
costs incurred while workers were off work or were re-
placed due to any type of disease. However, in spite of these
limitations, this study was significant in applying the data
to understand workers’ MS prevalence by conducting blood
tests that could diagnose MS during primary care to pre-
vent cardiovascular disorders or detect them early by
undergoing additional blood tests for blood sugar and lipids
when workers were found to have been having health prob-
lems in their primary health examination.
Thus, the study primarily analyzed the relationship be-
tween the scale of enterprise in South Korea and workers’
MS prevalence and medical costs of major diseases related
to MS, including heart disease, stroke, hypertension, dia-
betes, and hyperlipidemia. It was found that risk factors
were more prevalent in smaller-scale enterprises, and thus
more intensive management of MS in small-scale enter-
prise workers is needed.
Conclusion
It was suggested that the health promotion program to
manage the metabolic syndrome should be developed to
focus on workers with smoking, drinking and little exer-
cise in small scale industries.
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